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THE ROLE OF A COMPUTER -BASED UNIVERSITY-NIDE TESTING SERVICE
IN TﬁE MANAGEMENT OF LARGE ENROLLMENT COURSES

At Brigham Young University, the computer based university-wide testing

service has come to serve as a major resource in the development of large en-

grollment classesg In fact, it has become indispensible as a source of solut1ons

to problems encountered in the growth and progress of such systems. This paper

. will descr1be the computer-based test1ng system on this campus. Then, using as

examples two mathematics programs, will discuss in ‘detail how’ th1s system can
rélate to course testing and management for very Targe enrollment courses. " Since

these courses have a combtned enrollment of about 4,000 students and together

. Develcpment ; ~ .

write nearly 35 000 tests per semester. they have provided both the respective
coo:djnators and the testing system with ample problems and situations for re-

search and development.

¢

Development and General Description of SCOUT

Testing Services7fTST) at Brigham Young University (BYU) was orzanized in
the late 1950's to provide psychological and vocational test support services to
the Counseling Center. By 1966, the system was providing.general test scoring
services to the entire university.: In 1971, the developers of this system felt
that if taculty members could have the option of testing their students outside
of normal lecture hours, more hours could be devoted to 1nstruétional purposes

and so began the service of providing out-of-class computer assisted testing.

14
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"TST management, with University admin%stration support, thus began a
systems analysis which culminated in the development of an entirely new method
of test processing at BYU--SCOUT (§ystem for Computer-assisted On-line University-

wide Testing).

- =

Hardware Configuration

SCOUT is supported by a 64K, 50 megabyte Microdata minicomputer. Attached
to the mini are ten ADDS video display terminals each equipped with a Monarch

2246 barcode reader. - An NCS 7001 optical scanner is -backed up, off-line, by an

]
{

&l
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NéS 7605 optical scanner. Completing the System are a Centronics 6600 upper/
Tower case system Tine printer, a Pr1ntron1x 300 1pm matrix pr1nter, and a
9-track, 800 bpi tape drive. Hardware costs totaled approximately $100,000. .

SCOUT is written in an extended version of BASIC. The system took about twelve

Staff, Budget, and Volume e

A

The Testing Center is housed on the main floor of the University's Harold
B. Lee Library. - It occcupies approximately 6, 000 square feet of floor space. It
is staffed by three full-time adm1n1strative/staff personnel and 25-30 part-t1me
student employ es. The facility is open 12 hours per day Monday-Fr1day and four
hours on.Satur};ys , . o
___The Center operates on an-annual $200,000 budget and ic self-supporting in
as much as academic demartments and students ere charged for tests administered.

Since the 1mp§§mentat1on of SCOUT on August 26, 1976, over 1,200,000 tests

have been administered The current volume is more than 300,000 tests per year

serving 260 different classes ranging in size from 25 to 2,500 students.
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General Description of Services

There are several standard services offered by the Testtng Center. var1-
ations of which can be chosen by program coordinators or instructors for their

s
classes.. ' / : ¢ o
. > /

Class Initialization

A2

CIass Inittalization is the method by which the Testing Center is able to ~

'create 2 class rol] for each class requesting testing services._ At the. begin-

-

i

ning of a Seméster, before the first student comes into the Te;tiné'tenter:'the’
course instructor or coordinator ?ubmits to Testing Services a list of testing ’
periods. Also provided is test weight 1nformat§on. telling-SCOUT-how a particu-

lar test is to count in relation to all other tests given for the course during

————the-semester: ~The"i‘nstr"ctor may request a retake option. If students are per- o
mitted to retake an examtnation, the 1nstructor decides which score will count
in assigning 2 grade” (either the last score or the best score). Options of .

aesigning letter grades, penaliZing incorrect answers, subtracting a penalty

for late tests, etc, are’avaiiabie. The instructor also decides what type of
test feedback’intormation is to be reported to the student; )

The first step in cﬁeating a file is to access the Unirersitx!s ”Stodent
;nformation System” on BYU's IBM 4341 computer and obtain a tape of gll.students )
currently enrolled at the University. This tape also provides 2 list of-each ~_~-*-;
student’s current class regtstratton. The tape is then used to initialize SCOUT
class filef. If a student enrolls late and is not included on the class roll

" when it is tapped. he can be added when he takes his first test. The class tap ~
helps to eliminate ID. errors and to speed up student entry at the first of the
semester and gives course personnel an accurate olass Tist. Ae soon as .the tap

is compieted, SCOUT 1s ready for the class members to begin their testtng

L)

5 ]
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" Student Entry- : S ( ,

During the indicated testing period, the student comes into the Testing
Center. Using the Monarch 2246, a barcode 12bel on the back of the student's
ﬁhivérsity ID is "read" and SCOUT responds indicating that the student is
identified. | |

" The festing Center employee scans thé apgropriate barcode lébel in the test
identification book telling SCOUT which test the student wants and the system |
responds by randomly assigning a form of the test t; be administered. The appro-
priate examinaiion-is then-issued. At this time, before entry is cleared, SCOUT
automatically checks ihg.student's files for class enroliment. In the case of a
retakg'exam. the SFOUT assesses the appropriate fee and thgn checks to make sure

the assigned form of the test has not been previously taken. The test deadline

¥s—alsoverifird to assure that the student is within the authorized time period,

and;gf not, a penalty for late tests can be imposed or entry can be denied. A
fhold'filé" }s'checked to see if the student's file is flagged, and SCOUT refusé?
stqdent entry until all the_flags“are_h]eaned.Athésemﬁlags—can?befactivated”fdf‘*’
various reasons--money owed, messages from the¢1ﬁ§truct0r. violatibn of the
University's regulations, etc. TST management can also flag a student if.any‘
problem§ exist on his cumuldtf&é test file.

"As soon as entry is cleared, the student with his exam and answer sheet is

xpdmitted to the testing area. This entry and clearance process normally tikes

. from six to fifteen seconds, depending on the student and the test he is taking.

Once the student is inside the testing area, SCOUT-allows monitoring so that .
maﬁagemeht has a count of all sfudenté in the system; as well as name, ID, test

taken, and 211 other particulars about each student.
e eT—

Test Scoring and Student Reports

"~ When the student has finished his-exam, he brings it to the scoring table.
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Here a proctor puts the‘answér sheet into an optical scanner. The answer sheet

_ - barcode number as well as student answers are.transmitted to the Microdata for

scéring. SCOUT's scoring program identifies the student from the answer sﬁeet
1D, selects the appropriate key to scdre the test, and then posts the results /
in the student‘g cumulative file. The prgrah also transmits-to the printer
the‘student's name, social security'humber. raw score,Apercent score,'letter #
gradé, class-information, etc. At the instructor's optidn, the program can also

provide additional information such as: (1) a 1ist of the items the student

missed; (2) the sfudéﬁt's responses to the questions; and (3) the correct answers.

It can also compute specific area scores within the test, thus indicating expli-

citly areas of student weakﬁess. This process of scoring, posting and reportiﬁg,

is completed in about twg]yéxfgcondsi‘ffhe student exits with a hard cob& of his’

e Dt s S ¥ et —— ——— i, i [

exam resul ts.

If the student loeég-ﬁls report, or if he wants a cumulative report, SCOUT -

~ can reprint his original_report or produce 2 report 1isting all fésts taken for

all classes on the system in which he is enrolled.

V

On-1ine Cumulative Faculty Reports -
As soon as SCOUT's scoring program has posted the score to the student's

cumplative file, this file can be reported to the instructor. Generaily, but

not neéessarily, these faculty cumulative reports run at nidht after the office

s closed, and are thus ready the next morning. These reports can be alphabetid

by class section or alphabetic overall (all sections combined). They can also
be printed in social security number order without names fg;ﬁpdsting purposes.
The format for the cumulative faculty report 1ists percent, total points,

and can assfgn a cumulative letter grade in addition to listing student scores

—— —oneach exam. For each exam, mean Scores, standard deviations, medians, modes,

and scor%ng ranges are'printed. Dependingiupon the option chpsen when the class

-

A
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was initialized, the reported score on a particular exam can be either the

student's best orfhis last score. The instructor can even change this option . .

and get reports both ways if desired, thus allowing measurement of student pro-
gress on. retake exams. ‘
In addition to the gradtng features just listed, an item analysis is pro-
vided on each test_item giving‘frequency of resbonse, percentage of students
answertng each response, and a co-efficient of selective efficiency to determine

item discrimination. Score distribution means, modes, medians, standard devi- -

_ations, kurtosis, skew, and other statistical measures are also provided to

facilitate a more complete analysis of each test. E ,

Grades Transmission

. s 2
- - — -Traditionally, at BYU,Minstsgetorslhave had the responsibility of assigning

a student's semester grade, coding a grade roll, and subm1tt1ng that grade roll

—————to the-Records—Office. That ‘office in turn br1ngs the rolls to. Testing Serviges
to be optically scanned and sent to Computer Services for processing and posting

to the student's transcript. Inasmuch as Testing Services already had the SCOUT

test data in machine readable form at the conclusion of the semeSter, a new
module was added to the system at the Math Department;s request, to allow in-
structors the option of transmitting their'grades,directly. This bypasses the
somewhat cumbersome and error-prone grade roll- procedure and saves the instructor

many hours .of tedious sem3§ter-end work.

Testing Services and the Growth of Two
Large-Enroliment Math Courses x

The two courses to be disﬁlayed make up roughly 33% of Testing Center

-business. - These courses began about five years ago to experience phenoménal

growth. As the numbers of students began to grow, the systems hegan to be

, strained. These two courses presently serve about 4,500 stuuents per semester.
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Most of the students are pursuing majors outside mathematics. There is a rather
limitedstenured—faculty involvement at this level and a small graduate program

in math ‘does not prov1de the :number of graduate students needed to serve the

needs of such large enroliment courses. Special management destgns were needed

because of the large enrollments and instructor limitation. This led to the
"reat1on of some flexible, but very stable, systems in thCh 1nstructors can
enter and exit without destroytng the cont1nu1ty of student progress from one

semester to another. The 1nstructor 3 concern is with content arnd presentation

‘rather than course management, testtng, etc. L ‘ RS . .

- The courses served by these systems are (1) Basic Math Review, which is a
remedial course preparatory to the Basic Math Skills Evaluation requwred as a
part of the University s General Education program, and (2) College Algebra/ ‘

—= - Trig, which is a ca]éu]us Preparatory cour., but is also termlnal for many. ": : -

, For both of these programs, a mastery learning format was chosen. Mu]tiple ‘ T

form testing is used with feedback available after each test attempt. The

U

students are str1ct1y paced as they proceed through the course material. Grades

in both courses are,assigned against fixed scales. ’

Math IOOD'- Organization of the Course

Math 100D covers the basic mathematical skills and applications needed to

pass the General Education Evaluat1on (known hereafter as the G E exam) The
course will prov1de students with: ' : . '

1. A review of applied arithmetic skills involving percentages and
statistical graphs.
2. A review of-common geometric figures and measurement formulas and
an introduction to the metric system.
3. An introduction to basic principles and sk111s in working with
algebraic expressions and equations. I
— - - -4+ Experience—in-applying arithmetic and’ algebra1c skiTls to 1nter- -
: ' ® preting and solving verbal problems. Y




.
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There is an especially heavy empha51s on verbal problem solvwng skills.
Th1s emphasis 1s consistent with the goals of the general education experience.

The course mater1a1 is organized into etght (8) study untts. each of whtch
is fo]Iowed by an exam1nation. In addition, the G.E. examination serves as.a
comprghensive_ftna}. _ | | ’ _

For most students 1q this course, there are no lectures given and there
will be no formal class pe;iod'assigned. Instead, the high support component
'of this course offérs students the support and resources to meet the needs of

their- individual leé;ning_process.

> * AN

Math 110 - Organization of the Course

‘Math 110 is the precalculus matﬁematics experience. It contains material
~often described as collége algebra and trigonometry plus some additional tepics.

It is organized into eight (8) individually°taught and graded mini-courses on

modules:
10CF A Review of Fundamentals 1.0
110A  Polynomial and Rational Functions 1.0
.110B  Exponential and Logarithmic Functions 0.5
110C Matrices.and Systems of Linear Equations 0.5
1100 Combinatorics 0.5
110E © Linear Programming 0.5
111A  Trigonometry 2.0
1118 Coordinate Geometry 0.5

A specifiq sequengs of modules arranged for presentation during the

semester atwgvfjxed<bpu;\jp a given room is called a track. A track sche&ule.

a description of the current semester's offering of modules listed in tracks,

o is available to each student and in theé math lab.

A student registers for Math 110 for a variable credit of at least 'wo (2)

fw—hoursw(unlessApermissionsis given-by the -program director). After ittending a
first day orientation, he determines which modules in which tracks he wishes to

attend. The studént indicates this initial progrﬁm through an initial%zation

- - 10
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_their first exam. This.caused some differences to occur between the University -

_Testing roll also conttnued to carry the names of students who had dropped the

v
v

Py .
- -

procedure dur{ng the first days of the semester. If the student later wxshes

to change this initial program. he may do so up to the date posted for finali- " {

zation of all Math llo programs. Note that at no time may a student drop Math '

110 without go;ng through the official unjversity drop procedure nor may a‘stuf :

dent ‘change his program to igss_than two (g? credit hours in Math 110. ' -
_A student's grade ln a particular module ls determined by the~score attained

on an examination covering the materiat in that module.- The student has the oppor-

tunity to be re-examnned twice over the module at his expense but all examlnations

over a_parttcular modute in a particular track must be completed -by-thedate

posted in the current track schedule. ’

> . N ’ [\

Specific Course Problems and Concerns

Math 100D ' \ "

Enrol Iment

H

Early in the development of the Math 100D program, students enrolled in the ..

coursa through regular registration, but enrolled at the Testing Center by taking

class roll and the roll reported from the Testing Center. In addition; the -

class after taking one or more exams. By the end of the semester. these differ-
ences in the rolls were the source of confusion and concern for the instructors.
Implementation of the class tap procedures in 1978 provided instructors not only .
with current student progress, but also with current course registration infor-

-~

mation that was consistendwith University rolls.

Testing . - ~ i
Al11 testing for Math 100D takes place in‘ghe Testing Center. This allows

the student to choose a testing time when he is prepared and when it is convenient

1 ,
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for him to spend the necessary time. The. program prov1ded by SCOUT paces. the ' :
‘ ’ " studénts through nine exams accord1ng‘to a schedule provided by the course | o
coordinatdr. The: SCOUT system keeps-trac% of ‘who has tested, how many times
each- student has tried each«exam, and records the results of each-student's -
best try for instructor inspection. §1nce about 17,000 tests are pgocessed
each semester for; Math 100D, th1s tracking and record1ng service saves hours
_of 1nstructor time which can then be used for tutor1al. counse.,ng, or develop-
ment purposes. which are critical.in large enrollment courses. '
T " In addition to the g1ant bookkeeping assistance, however, the Testing o ,
Center director and his staff have played a major roll in helping the course. |
developers and cg:rd1nators to streaml1ne the testing process so that studené--

can: test as quickly and smoothly as poss1ble. Their suggestions and assistance -

in'proolem solving have been major keys to the success of system changes. -
> ~ ° ) ....
o Grading ' - <
L —
e Early in the history of Math 100D, the computer assigned all grades except
those altered by 1nstructor dec1s1on. Recording of final,grades for subm1ssion

to Records was done by hand mark1ng grade rolls. This proces§ was lahorious and

o
e ——

o, except1onally prone to human errors. Incorporation of the grades transm1ss1on .

feature of SCOUT relweved both the laber and the errors oﬁ_tge grad1ng process.

-

uith Math 100D populat1on at about 1,500 students per'semester, the “relatively

error-free submission of grades saves an enormous amount of\beginning-of-semester

“»

grade change hassle. . ' - g

Evaluation SR _ a o
e . ' ’
One of the strongest developmental supports offered by the SCOUT sjstem and. °
the Testing Center ijs its ability to provide data and data interpretation for

— _ program evaluat1on purposes. Math 100D is populated with .students with a- W1de

‘e ¥ <

"g .'.' . . T
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range of abilities and special needs. In order to serve them well, area§ of »LJ
weakness in the system must be identified and strengthened. SCOUT has provided _ »

information about the relative difficulty of our exams. It has helped to identify .

s

[ -
bad questions or questioning techniques. The system has assisted in surveying

.. student attitudes toward a particular part of the management system or study

[N

materials. Student information such as the relationship between ACT scores and ‘
stpdegt success has helped in our counseling efforts. Together, the Center and
course coordinator have identified and developed tentative\§olution possibilities

with great regularity. = ‘ \\ e

Enroliment -, o
U -~ =~ " Because of the special nature of Math 110 enroliment, computer assistance

is extremely helpful. In Math 110, 2,400 students enroll through usual registra-

tion. These students are then distributed into 10,000 modules which translates - -

e

— g

to 2 10,000 student load by the process of initia fiai%on.»’The Testing Center
scans and records all the initialization forms. Laterin the term when each
| .

. student has stabiliz@d.his program, he can retain his initial program or he may

change his prograﬁ by finalizing. Again, the Testing Center scans and records
this new information into a final program roll which is°then submittedto reg-

istration for printing of grade rolls.

Testing/ | B g

Students .in Math 110 accumulate about 15,000 tests during a semester.
This includes 10,000 first takes of each modu1§ final “and about 5,000 retakes.
i : SCOUT keeps track of student testing, paces the student according to testing

intervals and allows him within-these intervals to try each exam three times.

ey A special feature of the Math 110 proéram is that it actually paces the student
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- with two sets of deadlines--an initial or "bonus" period and.a final deadline.
If the student takes and passes the test on or before the initial deadline, he -
receives a half grade'sfep bonus (B to B+, etc.) for that test. This bonus
then follows the student on any retake of that exam he chooses to write. The
student may.also change his testing date deadlines by changing tracks. SCOUT
contains student track information from initialization so the track can be

changed by using a special form from which information is typed into the system

e ]

e e =

by a terminal operator. . I

e

Grading
The computer chooses the highestrjetter grade from each module for wnich

the student isrregistéred and records the grade for transmission to records.
The -utilization of the grades transmissiocn package in SCOUT is even more valuable ,

in this course than for Math 100D. As was »reviously mentioned, even though the -

popul. ion of Math 110 is about 2,400 students, because each student is-graded-

for an average of four modules, close to 10,000 grades are submitted. Before

the direcf gradés transmission was used, the human error factor here was phenomenal.

That problem has been reduced to a small, easy to handle a number of grade problems.

R o
o e

‘ Results

The Department of Mathematics, in spite of the expense, are in support of
the importance of continued involvement and research in the computer assisted

" areas of the two math systéms described. Early in the mutual involvement be-

tween Math 100D - Math 110 and Testing Services, survival was the main imgetus.
The use of SCOUT centered around bookkeeping and flexible testing hours. Now
that instructors have more time and energy available to Took critically at their
programs, the much more powerful nature of the system such as for evaluation

efforts has become a welcome part of the experience.




